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Pir Force Health Study Mortality Update - 1985
EXECUTIVE SUMMARY
BACKGROUND

The purpose of the Air Force Health Study is to determine whether those
individuals involved in the aerial spraying of herbicides in Vietnam during
the Ranch Hand operation have experienced any adverse health effects as 2
result of their participation in that program. The study evaluates both
mortality (death) and morbidity (disease) in these individuals over a

20-year period after the studies were initiated.

The Baseline Mortality Report was released in June 1983, the Baseline
Morbidity Report in February 1984, and the first follow-up mortality study
in December 1984, Neither study demonstrated health effects which could be
conclusively attributed to herbicide or dioxin exposure. The reader is
referred to reports of the studies for further details (1, 2, 3).

METHOD

The present report describes the third mortality analyses. Deaths in the
1257 Ranch Hand and 6171 Comparison subjects were determined, using the
data sources of the Air Force, Veterans Administration, Social Security
Administration, Internal Revenue Service, and personal contacts. As of 31
December 1984, 55 Ranch Handers and 285 Comparison subjects had died.
Death certificates were obtained on all subjects.

Extensive statistical analyses were accomplished, as detailed in the
report, to compare the death experience in the Ranch Hand population with
the Comparison group. In addition, death experience in these groups was
compared to the 1978 U.S. White male mortality experience, the 1978 Depart-
ment of Defense Nondisability Retired Life Table, and the active U.S. civil
service population as discussed in the 1984 mortality report (3). The West
Point class of 1956 and the active duty USAF population are not appropriate
groups for comparing to the study population and, consequently, they have
not been used in the analyses in this report.

RESULTS

As was the case in the last mortality report, the current mortality analy-
sec did not reveal any statistically significant differences in mortality
between the exposed and Comparison groups. The percentages dead in each
major category are summarized below. Within categories of rank and occupa-

- tion none of the differences between the Ranch Hand and Comparison groups

are statistically significant,




Percent Deaths

Ranch Hand Comparison

Rank

Officers 3.4 4,3
Enlisted 4.9 4.8
Occupation

Flying 3.7 5.1
Ground 5.1 4.1

Ranch Hand Comparison

Total

Overall 4.4 4.6

As was reported in the 1984 mortality study, the Ranch Hand officers had a
nonstatistically significant though slightly lower death rate than their
Comparisons. There is an interaction in these data, however. Ranch Hand
officers born between 1905 and 1935 have experienced fewer deaths than
Comparison officers born during the same era. On the other hand, Ranch
Hand officers born after 1935 have experienced more deaths than their
Comparisons. Although these differences within birth-year strata are not
statistically significant, this change in the group by survival status
relationship with birth year is statistically significant. Additionally,
Ranch Hand officers experienced fewer deaths after age 35 years than
did Comparison officers, while Ranch Hand officers experienced more deaths
before age 35 years than did Comparisons. The relevance of these observa-
tions is unclear at this time.

Ranch Hand flyers had a nonstatistically significant though slightly lower
death rate than Comparisons, and Ranch Hand ground personnel had a slightly
higher but nonstatistically significant death rate than the Comparisons.

The herbicide/dioxin exposure index described in the morbidity report was
applied to the data, and no relationship between exposure and mortality
experience was identified.

As was also noted in the 1984 mortality study, analyses consistently
demonstrated significantly better survival in the Ranch Hand officers than
Ranch Hand enlisted members, as was the case with Comparison officers and
Comparison enlisted personnel. Cause-specific analyses did not demonstrate
any increased Ranch Hand mortality for accidents, suicide, homicide,
malignancy or circulatory system disease. No unusual patterns of malignan-
cy were observed in either the Ranch Hand or Comparison groups, a finding
which would be expected from the small number of deaths to date. When
compared to the 1978 U.S. White male population, all subgroups are living
longer than expected. All groups had a mortality experience similar tc the
civil service population.
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Nir Force Health Study Mortality Update - 1985

1. Introduction

This veport updates the findings of the last mortality report (3) released on
1C December 1984. The reader is referred to the baseline mortality report (1),
releaced on 30 June 1983, for information regarding the study design, statistical
procedures and the mortality determination process. One newly identified non-Black
enlisted-ground Ranch Hander has been added to the data file since the last report.
This individual was previously known, but confirmation of his eligibility was
delayed. Summary counts of the population at risk and the number of deaths in each
of the two greups (Ranch Hand and Comparison) stratified by rank and occupation are
shown in Table 1. The analyses in this report are based on this data and the data
in Table 4. Table ? contains the counts of new deaths in the population since the
tast report. Table 3 in this report corresponds to Table 3 in the baseline report
and contains summary counts and death rates by occupation, race and group. In the
December 1984 report, the mortality experience of the study population was contrast-
et with data from West Point graduates and the active duty Air Force population. As
roted in that report, the West Point group consists only of current and former
officers, and with respect to the active duty Air Force population, individuals with
scrious illness are generally not allowed to remain on active duty. Therefore,
conirasts with these groups are not appropriate in the context of this study and
nave not been used. Al tables in this report correspond to similar tables in the
lest anrual report. These counts reflect cumulative mortality as of 31 December
1984 (certitied as of 15 April 1985).

taveful interpretation of the findings in this and previous reports in this
series requires consideration of the large sample approximations and assumptions
associated with the statistical procedures. Current knowledge regarding these
statistical aspects is presented in Section 7 of this report.
Table 1

Summary Counts of Death by Rank and QOccupation

Ranch Hand Comparison

“ank At Risk Dead Rate (%) At Risk Dead Rate (%)
Officers 466 16 0.034 (3.4) 2278 98 0.043 (4.3)
Enlisted 791 39 0.049 (4.9) 3893 187 0.048 (4.8)
Gecupation

Flying 646 24 0.037 (3.7) 3163 161 0,051 (5.1)
Ground 611 31 0.051 (5.1) 3008 124 0.041 (4.1)
Total 1257 55 0.044 (4.4) 6171 285 0.046 (4.6)

in Teble 2, the number "at risk" is the number alive on 1 January 1984.
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Table 2

Deaths During 1984 by Rank and Occupation

Ranch Hand Comparison

1988 Rate 1983 Rate
Rank At Risk Deaths Per 100 At Risk Deaths Per 100
Officer 451 1 0.2 2187 7 0.3
Entisted 752 0 - 3719 13 0.3
Occupation
Flying 623 1 0.2 3C14 12 0.4
Ground 580 0 - 2892 8 0.3
Total 1203 1 0.1 5906 20 0.3

Since sc few deaths have occurred during 1984, the ctatistical findings and
interprataticns presented in this report are very similar to those in the 1984
mortality update (3).

Table 3
Occupational and Race-Specific Mortality

Ranch Hand C risons

Race Occupation At Risk ~— Dead Rate Per 100 At Risk Egaa Rate Per 100

Non-Black Officer-Pilot 350 12 3.4 1740 79 4.5
Officer-Nav 82 3 3.7 390 15 3.8
Officer-Other 25 1 4.0 123 4 3.3
Enlisted-F1t Eng 191 7 3.7 935 57 6.1
Enlisted-Other 533 28 5.3 2628 108 4.1

Black Officer-Pilot 6 0 0.0 13 0 0.0
Officer-Nav 2 0 0.0 10 0 0.0
Officer-Other 1 0 0.0 2 0 0.0
Enlisted-F1t Eng 15 2 13.3 75 10 13.3
Enlisted-Other 52 2 3.8 255 12 4.7
Total 1257 55 4.4 6171 285 4.6

2. Ranch Hand Versus Comparison Group Analyses.

Survival contrasts were made using linear rank procedures, survival curves,
relative risk estimation and standardized mortality ratios. Survival curves were
estimated by the product-limit estimate of Kaplan and Meier (4). Linear rank
testing was carried out using the logrank test and Prentice s censored data exten-
sion of the Wilcoxon test (5). A1l linear rank tests were carried out with matched
sets merged when Ranch Handers differed by less than one year relative to date of
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birth., Within each stratum of job and race, these merged matched sets were used
as separate strata for testing purposes. The matched data relative risk procedure,
due to L igeu and McHugh (6), 1is applied only to the 1241 Ranch Handers with
matched Comparisons, and the stratified relative risk or SMR estimate is
applien to all 1257 Ranch Handers.

Girose  contrasts were made on officers, enlisted personnel, flying personnel,
ground personnel and the total group. Summary counts are shown in Table 4.

R DANAASAME - - SR RRRRAS] YN

Table 4
Summary Counts by Rank, Occupation and Group

Flying Personnel

Officer Enlisted Total
- Rate Rate Rate
" Grouns At Risk Dead Per 100 At Risk Dead Per 100 At Risk Dead Per 100
s Ranch Mand 280 15 3.4 206 9 4.4 646 24 3,7
" Comparicors 2153 94 4.4 1010 67 6.6 3163 16l 5.1
F: Ground Personnel
' Officer Enlisted Total
Rate Rate Rate
Gronps At Risk Dead Per 100 At Risk Dead Per 100 At Risk Dead Per 109
Ranch riard 2 1 3.2 585 30 5.1 611 31 5.1
Lomp arisans 125 4 3.2 2883 120 4.2 3008 124 4.1

SUrvivai curves were estimated only for officers, enlisted, flying, ground
perornel 2na all personnel in Ranch Hand and Comparison groups. There is a
substantial deurce of overlap between these subgroups, with 96% of both the Ranch
Han™ anel Lomparison around personnel being enlisted. The enlisted category includes
othoground support and flying enlisted personnel. Survival curves for the overal)
Rarch Hand and Comparisor groups are shown in Figure 1. The curves for officers,
enlistec, flvers and ground personnel are shown in Figures 2 through 5.
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Figure 1

survival Curve Estimates for A1l Ranch Handers and A1l Comparisons
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Survival Curve Estimates for Ranch Hand and Comparison Officers

‘c_-\\‘\\\\RH
e COMP LL]

L=} Q Qo
A
a T 1

FRACTION SURVIV,NG
.Q [=)
T

by .

R N
POIRSC I S S, ' N




RVIVING

au

FRRCT !N

Survival Curve Estimates for Ranch Hand and Comparison Flyers
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Survival Curve Estimates for Ranch Hand and Comparison
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The patterns qualitatively evident in these graphs are seen quantitatively in
subsequent statistical analyses.

Linear rank procedures were carried out on the same four subgroups and on all
personnel to assess death patterns by time. These procedures are designed so that
the statistic will be positive when Ranch Handers are dying before Comparison
subjects and negative when Comparisons are dying prior to Ranch Handers. The
results are shown in Table 5 (Table 6 in the baseline report).

The linear rank statistic used is a valid measure of group difference only when
this difference occurs consistently across strata. Since the strata in these
analyses were formed by date-of-birth, occupation and race, the linear rank statis-
tic is valid only when the direction of the group difference in death times does not
change with date-of-birth, race and occupation. As discussed in Section 7, there is
currently no statistical procedure available for testing the assumption that differ-
ences in group survival distributions remain constant across strata. As will be
shown later, there is an indicatiaon, haowever, that there is an effect of date-of-
birth on relative risks in the officer subgroup. Thus, the logrank and Wilcoxon
tests on ~fficers must be interpreted carefully. However, these data suggest that
the summs: + statistics for the remaining subgroups are valid. Further, since there
is an inc cation that mortality contrasts change with rank and occupation, the
overall (r *al) logrank and Wilcoxon values and p-values, shown in Table 5 are not
valid summarv statistics,

...............
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Table 5

Test Results and P-Values for Noncause-Specific Survival

"y % % WPEWL ST W
. ',j p

Logrank Wilcoxon et

Group (Value) P-Value (Value)  P-Value S

LA

Ofticer (-0.835) 0.40 (-0.903) 0.37 fﬁ;*

Enlisted ( 0.187) 0.85 ( 0.161) 0.87 Szl

Flying (-1.34 ) 0.18 (-1.42 ) 0.16 Bt

Ground ( 0.976) 0.33 ( 0.093) 0.34 UEA

Total (-0.305) 0.76 (-0.348)  0.73 g

Table 5 suggests that ground personnel in the Ranch Hand group are dying sooner f;l;
than their matched Comparisons (logrank = 0.976), but again the difference is not ko
statistically significant (p=0.33). The negative values of the logrank and Wilcoxon xiu{:

statistics for officers (logrank = -0.835) and flying personnel (lcgrark = -1.34)
suggest that Ranch Handers in this group may be living longer than their matched
Comparisons, but not to a statistically significant degree.

Similar analyses on the same subgroups (officer, enlisted, flying, ground and L*F;
total) were carried out orn data from non-Black subjects only. The results are shown L
in Table 6. T

Table 6
Test Results and P-Values for Noncause-Specific Survival f'f'
Non-Black Ranch Handers and Non-Black Comparisons MDA
Logrank Wilcoxon :l'.l_;:li_'
Group (value] P=Value (Value -Value Tl
Officer  (-0.819) 0.41  (-0.885) 0.38 E'*;
Enlisted ( 0.211) 0.83 ( 0.192) o0.85 T
Flying (-1.43 ) 0.15 (-1.50 ) 0.13 L
Ground (1.10) o0.27 (1.08) 0.28 e
Total (-0.286) 0.78  (-0.320) 0.75 S
The findings in Table 6 clearly parallel those of Table 5, as would be expected L—if

trom the small size of the Black cohort in this study.

Reiative risk estimates, the associated 95% confidence intervals, two-sided
p-values for testing the null hypothesis of relative risk equal to unity, and power
for detecting a relative risk of 2 in these data are shown in Table 7. These D
estimates are based on a matched data algorithm and summarize the relative preva- d
lence of death in the Ranch Hand and Comparison groups. The estimated relative
risks are valid summary statistics only when relative risk can be assumed to be
constant across date of birth strata. Again, there is indication that this
assumption is not met in the officer cohort so their estimated relative risks
must be viewed with caution. On the other hand, the assumption appears to be
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met in the flying, ground and enlisted subgroups so these relative risk estimates do e
appear to be valid. Similarly, since there is an indication that relative risk ﬁiﬂi
changes with rank and occupation, the overall relative risk, 0.915, is not a valid e
summary statistic.

s
R

Table 7 %\ﬂ
i
Relative Risks, 95% Confidence Intervals, P-Values and LR
Power for Noncause-Specific Deaths to Date

(1241 Ranch Handers Versus 6171 Matched Comparisons) kit
Group  Rel Risk  Conf Int  P-Value Power
Officer 0.715  (0.311, 1.12)  0.26 0.90 i
Enlisted 0.987 (0.622, 1.35) 0.94 0.99 e
Flying 0.692 (0.377, 1.01) 0.12 0.98 ke
Ground 1.21 (0.708, 1.72) 0.35 0.94 o

Total 0.915 (0.636, 1.20) 0.57 1.0
Table 7 shows that Ranch Hand flyers are experiencing fewer deaths than their gt
matched Comparisons (relative risk = 0,692), but this group difference is not ——
statistically significant (p=0.12). The Ranch Hand ground personnel experienced s
more deaths (relative risk = 1.21) than their matched ground Comparisons, but again, Sl
this excess is also not statistically significant (p=0.35). The statistical power -
to detect a relative risk of two is quite strong (equal to or greater than 90%). T
Year-of-birth specific mortality rates are given in Tables 8 through 12, with %’i
the corresponding standardized mortality ratios (SMR) and associated p-values (7). el
In each analysis, the Comparison group is the internal standard. The SMR will R
accurately estimate the relative risks within each stratum in these analyses if the AR
year-of-birth specific relative risks are equal. A likelihood ratio test for the RO
hypothesis of. equal year-of-birth specific relative risks was carried out for each A
analysis, and its p-value is denoted by P1. In addition, the hypothesis that the P
relative risk is unity, given that relative risk is constant across strata, was -
tested; its p-value is denoted by P2. The SMR and both p-values are given for each ey
contrast. Additional analyses were conducted and are presented at the end cf this e
section. They indicate that the hypothesis of equal year-of-birth specific relative e
risks may not be met in the officer cohort. el
2
F
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Table 8 [
S
e
Year-0f-Birth Specific Mortality Rates L
(1257 Ranch Handers Versus 6171 Comparisons) N,
(SMR = 0.954, P1 = 0.22, P2 = 0.73) R
."-.'_:J:
Ranch Hand Comparison Z?-:':{.
Birth Rate Rate “yind
Year At Risk Dead Per 100 At Risk Dead Per 100
1905-1914 5 2 40.0 14 3 21.4 Y
S 1915-1919 17 5 29.4 96 14 14.6 3
D 1920-1924 48 3 6.3 241 30 12.4
- 1925-1929 84 2 2.4 501 46 9.2
. 1930-1934 305 18 5.9 1389 79 5.7
1935-1939 211 7 3.3 1020 39 3.8
= 1940-1944 210 5 2.4 1096 24 2.2
- 1945-1954 377 13 3.4 1814 50 2.8
- Tota) 1257 55 6171 285
Table 9
- Officer-Specific Mortality Rates by Year-Of-Birth ‘
-7 (SMR =0.791, P1 = 0.41, P2 = 0.37) it
Ranch Hand Comparison "-7_:;33
Eirth Rate Rate .
Year At Risk Dead Per 100 At Risk Dead Per 100 e
1910-1924 41 3 7.3 205 21 10.2 a2
1925-1934 194 5 2.6 930 82 5.6 O
1935-1939 95 4 4.2 458 12 2.8 e
1940-1944 91 ? 2.2 495 7 1.4 [_;
1945-1949 45 2 4.4 10 5 2.6 b~
Total 266 16 2278 98 S
b
o
Ve
'i' ? o
-'.. .:'_:.:.
. N




Table 10

Enlisted-Specific Mortality Rates by Year-Of-Birth

Birth
Year

1905-1914
1915-1919
1920-1924
1925-1929
1930-1934
1935-1939
1940-1944
1945-1954

Total

Birth
Year

1915-1924
1925-1934
1935-1939
1940-1944
1945-1949

Total

Ranch Hand Comparison
Rate Rate
At Risk Dead Per 100 At Risk Dead Per 100
4 2 50.0 12 3 25.0
9 2 22.2 54 10 18.5
16 3 18.8 80 13 16.?
41 2 4 211 26 12.3
154 13 8 749 47 6.3
116 3 2 562 26 4.6
119 3 2 601 17 7.R
332 11 3. 1624 45 2.8
791 39 3893 187
Table 11
Flying-Specific Mortality Rates by Year-Of-Birth
(SMR =0.726, P1 = 0.85, P2 = 0.13)
Ranch Hand Comparison
Rate Rate
At Risk Dead Per 100 At Risk Dead Per 100
44 4 9.1 220 26 11.8
272 10 3.7 1316 84 €.4
145 6 4.1 698 26 3.7
121 2 1.7 653 15 2.3
_64 2 3.1 276 _10 3.6
646 24 3163 161
10

(SMR = 1,03, P1 = 0.67, P2 = 0.89)
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Table 12

Ground-Specific Mortality Rates by Year-of-Birth
(SMR = 1,23, P1 = 0.59, P2 = 0.33)

Ranch Hand Comparison

Rirth Pate Rate
Year At Risk Dead Per 100 At Risk Dead Per 100
19C5- 1914 T 2 40.0 14 3 21.4
191£-1919 8 1 12.5 51 8 15.7
1620-1924 12 3 23.1 66 10 15.2
1925-1929 31 ? 6.5 151 20 13.2
1930-1934 &g 8 9.3 423 21 5.0
1935-1939 6€ 1 1.5 322 13 4.0
194(-1944 89 3 3.4 443 9 2.0
1645-1954 313 11 3.5 1538 _40 2.6
Total 611 3l 3008 124

Adeitional Tog-linear analyses of the data in Tables 9 through 12 were carried
out. TInese analyses are directed at the hypothesis already tested and reported, via
the p.-valae (P17, but have an advantage in that they are more powerful. They have a
¢ieadyantage in that, since they were carried out after the data had already been
tested, the cverall level of significance is higher than the nominal 5%. The extent
o tne increases in power and significance level is not known. When year-of-birth
15 drichetomized (1905-1934, 1935-1954) and survival status (alive, dead) is analyzed
by group (Ranch Hand, Comparison) and rank (officer, enlisted), a borderline
Signitieent four-way interaction is evident (p=0.054). The officer and enlisted
reétative risks are 0.5% and 1.10 in the 1905-1934 year-of-birth stratum and 1.58 and
0.95 in “he 1935-1654 birth-year stratum. There were no three-way interactions in
tnis araiysis. wWhen rank is replaced by flying status (flying, ground) in this
four-iactor analysis, no four-way interaction is seen (p=0.085), and no significant
areup by flying status by birth-year interaction (p=0.92) is observed.

Further, when the officer., enlisted, flying and ground subgroups are analyzed
separately on survival status, group and birth-year, there is no three-way inter-
action for enlisted {p=0.67), flying (p=0.30) or ground personnel (p=0.28) but
there 1 a significant three-way interaction for the officers (p=0.044). That is,
the <urvival stotus by group relationship changes with year-of-birth in the officer
cohort. Two-factor p-values are 0.87 for enlisted, 0.12 for flying, and 0.077 for
ground personnel. These findings are consistent with previous analyses.

Taken together, these log-linear analyses suggest that relative risk changes
with year-of-birth in the officer cohort. Specifically, the overall death
expevicnce of the Ranch Hand officers appears to compare favorably with the Compari-
sons. Hewever, these diminiched death rates appear to be found in the Ranch Hand
«fficers born before 1935, while Ranch Hand officers with later birth dates evidence
a rate aqual to or exceeding that of the Comparisons (as seen in Table 14).

1




These findings cast doubt upon the validity of the SMR and, possibly, the linear
rank procedures, as summary statistics for the officer cohort. The SMR appears to
be a valid summary statistic for Ranch Hand and Comparison contrasts within the

enlisted, flying and ground cohorts.

A summary of logrank, relative risk and SMR results obtained is shown in

Table 13.

Table 13

Noncause-Specific Statistical Summary

Age at Death

Logrank
Group Value P-Value
Officer -0.835 0.40
Enlisted 0.187 0.85
Flying -1.34 0.18
Ground 0.976 0.33
Total 0.305 0.76

Deaths to Date

Group RR P-Value

Officer 0.715 0.26
Enlisted 0.987 0.94

Flying 0.692 0.12
Ground 1.21 0.35
Total 0.915 0.57

The data in Table 13 show reasonable consistency. The ground cohort displays
excess death in the Ranch Hand group in contrast to the Comparison group, and the
Ranch Hand flying cohort exhibits fewer deaths, but again these group differences
are not statistically significant. The officer cohort evidences less death in the
Ranch Hand group in contrast to the Comparison group but, again, this group differ-
ence is not statistically significant. However, as discussed above and shown in
Table 14, these data appear to suggest that favorable mortality experience cccurs
in those officers born before 1935, while Ranch Hand officers born after 1935 appear
to have experienced the same or greater death rate than their Comparisons.

SMR  P-Value
0.791 0.37
1.03  0.89
0.726 0.13
1.23 0.33
0.954 0.73




Table 14

i PCeath Rates by Group, Rank, Occupation and Year-of-Birth ]
E _ Death Rate per 100 Relative Eﬂiﬂk
: Rank Year-of-Birth ~ Ranch Hand Comparison Risk OGN
- Vficer 1905-1934 3.4 6.4 0.53 N
' . 1635-1954 3.5 2.2 1.58 i
4 ‘\._~.‘.
Enlisted 1905-1934 9.8 9.0 1.10 O
1935-1954 3.0 3.2 0.95 5
Death Rate per 100 Relative ":E:
! Gccupational Year-of-Birth Ranch Hand Comparison Risk =
Flying 1905-1934 4.4 7.2 0.62 S
1935-1954 3.0 3.1 0.97
- Ground 1905-1934 11.2 R.8 1,27
J 1935-1954 3.2 2.7 1.19

The favorable, though not statistically significant, survival experience of
Ranch Hand flying persorrel, relative to the matched Comparison flyers is shown in
iigure 4, where the survival curves for Ranch Hand and Comparison flyers are drawn
on the same scale and ccordinate system. In contrast, the relatively poorer, but Lo
not statistically significant, survival experience of the Ranch Hand ground person- e

l nel is illustrated in Figure 5, wherein the Ranch Hand and Comparison ground person- S
nel survival curves are drawn on the same coordinate system. N
- KON
. 3. Within-Group Analyses of Mortality ?ﬁ&:?
s Within-groun year-of-birth adjusted contrasts by occupation and rank via SMR's 'S??i
' are summarized in Table 15. The data supporting these SMR analyses are shown in )
. Appendix Tables 1 through 4,
. Table 15
Summary of Within-Group SMR Analyses .
’ Subgroups R Pl P2
: (fficors versus Enlisted -
Panch Hand 0.515 0.27 0.047
Comparicon 0.648 0.88 0.001
! ’ “lying versus Ground
X Ranch Hand 0.572 0.41 0.067
" Comparison 0.909 0.46 0.65
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Table 15 shows that Kanch Hand officers are having significantly fewer deaths
(SMR=0.515, p=0.047) than Ranch Hand enlisted personnel, after adjustment for year-
of-birth., This officer versus enlisted differential ic also significant and ir the
same direction in the Comparison group (SMR=0,648, p=0.001). The table alsc sug-
gests a favorable mortality experience of Ranch Hand flyers relative to that o the
Ranch Hand ground personnel (SMR=0.572, p=0.067), 2lthough this difference is not
statistically significant. A flyer versus ground differential is not apparent in
the Comparison group {SMR=0.909, p=0.6%).

4, Cause-Specific Analyses

Table 16 shows death counts by cause and subgroup (flying officer, ground offi-
cer, flying enlisted and ground enlisted). Courts are shown for all 1257 Ranch
Handers and the 6171 Comparisons. The distribution of new deaths in the Ranch Hand
and Comparison groups are presented in Table 17, and age-adjusted relative risks for
these data are shown in Table 18. Relative risks are calculated using a matched
data algorithm; hence, only the 1241 Ranch Handers having matched Cemparisons are
used. Of the 16 unmatched Ranch Handers, two have died; a flying officer died of an
accident and a ground airman died of circulatory system disease. Since these data
are sparse, relative risks are only calculated on officer, enlisted, flyino and
ground subgroups, as well as on the total population.

One cell in Table 18, the analysis of malignancy deaths in flyirg personnel,
contains two p-values for the significance of the relative risk estimate. The first
is calculated using a null variance of the estimated relative risk and the second,
within parentheses, is calcul=ted using the non-null variance estimate. A null
variance is defined as a variance derived upon the assumption that the true relative
risk is unity. A non-null variance is derived without any assumption about the true
value of the relative risk. The choice of which variance estimate to use in the
standardization of the test statistic is currently a point of research in
theoretical statistics. We have chosen to use the null variance when computing
p-value because of analogies with other testing situations and because our power
studies have shown the resulting test to be more powerful than the test using the
general non-null estimate. Unfortunately, the non-null variance must be used in
computing 95% confidence intervals for the relative risk, making the p-value and
confidence interval sometimes incompatible.

14
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Table 16

Deaths by Cause and Subgroup

Officer Enlisted
. Flying Ground Flying Ground Total
'| Cause RH C RH C RH C RH C RHC
Accident 8§ 33 0 1 4 27 7 35 19 96
_ Suicide 0 5 1 1 1 3 1 9 3 18
I Homicide 0 C 0 0o 0 2 2 3 2 5
farasitic
irfection o 2 0 O 0 0 0 2 0 4
g Maiigrent
E neoplasm 0 15 0 1 1 14 5 21 6 51
Uncertair
necplasm 0 1 0 O 0 0 0 1 0 2
Endocrine 0 1 0 0 0 0 1 0 1 1
I Mental
disorder 0 0 0 0 0 0 0 1 0 1
Nervous
System 0 1 0 0 0 0 0 1 c 2
I tireulatory
~ System K 28 0 0 1 14 12 38 18 80
Respiratery 0 2 0 0 0 3 0 2 o 7
System
E Nigestive 2 4 0 1 1 3 V4 5 5 13
" Tystem
- Genitourinary 01 0 0 0 ¢ 0 2 0 3
= Syster.
- . {enaerital
J ancnalies G 0 0 0 0 0 0 0
N defired 0 1 o0 0 1 1 0 o0 12
Toial 15 94 1 4 9 67 30 120 55 285
3
g 15
F
e e e T e e s T e
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Cause
Accident
Suicice
Homicide

Malignant
Neoplasm

Circulatory
System

Respiratory
System

Totals

Table 17

New Deaths by Cause

Ranch Hand

0
0

16

Comparison
2

2
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Tables 16 and 18 must be interpreted with care since the date are very sparse
in some categories. The behavior of the Ejigou-McHugh estimate, like that of other
relative risk estimates, has not been investigated when the death probabilities are
very small, as is the case for the causes analyzed in Table 18, The analyses of
malignant neoplasm and circulatory system deaths are more reliable than the other
cause-specific analyses because these two categories contain more deaths than the
others.

Digestive system mortality by ICD code is shown in Table 19, site-specific
malignant neoplasm mortality is shown in Table 20 and the morphology of neoplasms is
shown in Table 21. There was one case of soft tissue sarcoma in a Comparison
individual, but none in the Ranch Hand group. There have been ro cancer deaths in
the Ranch Hand group and eight in the Comparison group during 1984,

Table 19

Digestive System Mortality

Deaths
ICD Code Ranch Hand  Comparison
rancreatitis (5770) 1 4
Alcoholic cirrhosis (5712) 0 4
Nonalcoholic cirrhosis (5715) 3 3
Nonalcoholic fatty liver (5718) 0 1
Chronic liver disease (5728) 0 2
Alcoholic Tiver disease (5711) 1 0
Duodenal ulcer (5325) 0 1
Peptic ulcer (5334) e o
Hepatocellular disease (573a) 0 0
Total 5 13

These codes were based on death certificate data: more detailed etiologic
intormation has been requested but not yet received for the nonalcoholic cirrhosis
and fatty liver deaths. It is of interest that during 1984, there were no new
deaths attributable to the digestive system in either group.

1€




Table 20
Site-Specific Malignant Neoplasm Mortality

Site [CD Code Ranch Hand

Comparison

Lip, oral cavity, pharynx (140-149)
Digestive organs, peritoneum (150-159)
Respiratory, intrathoracic (160-165)
bene, cornective tissue, skin,
breast (170-17%)
(enitourinary organs (179-189)
Erain (191-192)
Other and il1-defined sites (19%)
Lymphatic anc¢ rematopoietic
tissue {200-20R)
Ne site specification (199)

[e % 'n—-o OO~ O wr— O

Total

4
12
21
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ICD Code
9th Ed.

M800

reo1-804

MB05-808

M814-838

v872-879

M905
M938-948

M959-963
M964
M9I65-96€
4986

Morphology of Neoplasms

Nomenclature Ranch Hand

Neoplasms not otherwise specified (NOS)

Bronchus and Lung

Intestinal Tract
Head and Neck

Epithelial necplasms (NOS)
Bronchus and Lung

DDDO—O
— e N ND O e

Nasopharynx

bt et (D b O b
— O N e O

Unspecified site
Papillary and Squamous Cell
Nasal Sinus

QOO0
[ Sy S P

Adenomas and Adenocarcinomas

Bronchus and Lung

bt N bt N

Nevi and Melanomas
Skin (NOS)
Mediastinal

Mesothel ioma
Bronchus and Lung

- O (o New Nen ¥ on J o N

Frontal Lobe
Brain (NOS)
Lymphomas NOS and Diffuse
Lymphomas (NOS)
Reticulosarcoma
Malignant lymphoma histiocytic, (NOS)
Hodgkin's disease
Hodgkin's (NOS)
Myeloid Leukemias
Acute Myelocytic Leukemia

D D O oD 2

0
6




5. Norcause-Specific Comparisons with External Populations

It iy important Lo know not only how Ranch Handers and their matched Compari-
sons reiagte to each other, but also how their mortality rates compare with other
militery and civilian populations in the United States. These contrasts are used in
an otiempt to place the study groups in perspective with the overall mortality
oxperierce of known populatiors, Given the selection factors involved for entry to
and retention in the military service, it is anticipated that the study groups would
exhibit lower mortality than the U.S. White male population, Similarly, they might
oe wxpected to be more equivalent to the DOD retired personnel or occupational
cohurts <uch as the U,S, civil service. In this report, the mortality experience of
«anch Harders and their matched Comparisons is compared with the expected death
rates with reference to the 1978 U.S. White Male Life Table (8), the 1978 Department
¢t vefernse pericd Tite tables for nondisability retired military officer and enlist-
ed perscnnel (9), arnd a 1974 U.S. active male civil service life table (10). Al
analysec 3 this section depend on the assumption, that relative risk is constant
Jcross age strata (Section 7). This assumption is not currently testable.

5.7 Comparisors with 1978 DCD Life Tables

In Tables 22 and 23, Ranch Hand officers and Comparison group officers are
contrested to a 1978 DOD nondisability retired officer life table and in Tables 24
and 5, Ranch Hand and Comparisor group enlisted personnel are compared with a 1978
uuls nordisability retirea enlisted life table. In each table, the column labeled
"At Rist" lists the number of subjects entering each five-year age interval, the
cetumn labeled "Deaths" tabulates the number of deaths in the age intervals and the
column Tabeled "Expected Deaths" gives the expected number of deaths in the age
intervals of the study subjects if they had experienced the same death rates as
tnose specified ty the DOD table. The value of the test statistic for testing the
rie'l hypothesis of eauality of the study and referenced life table is denoted by T;
its twn-sided p-value is denoted by P. While each table summarizes the findings
wWilth five-year age irtervals for ease of presentation, one-year age intervals were
usec¢ for the actual computation of the statistic T. A negative value of T means
‘hat  the study cohort has Tived longer than expected relative to the reference
tepulation,  The magritude of the statistic T is sample-size dependent. All con-
treots are unadjusted for race since the DOD tables are not race-specific. All
analyses are conditioned on survival to age 35, since active duty personnel are not
tligible fer retirement prior tc that age and, therefore, the DOD tables do not
beain untii that age. The totals in Tables 22 throuch 25 do not, therefore, agree
witn lable 1,
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Ranch Hand Officer Versus DOD Nondisability Retired Officer Life Table

Table 22

.......

(T=-4.43, P <0,001)

Age At Risk

37-39
40-44
45-49
50-54
55-59
60-64
65-69
70-70

Total

fomparison Officers Versus DOD Nondisability Retired Officer Life Tahle

Age

35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-70

Total

Ranch Hand Enlisted Personnel Versus DOD Nondisability

Age

35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-71

Total

459
414
324
232
84
40
6

1

Deaths

X} tOONHr\JHt—-N

Expected Deaths

Table 23

.

nN QN NNN&ENO

N DO N AP EN

N
-

(1=-3.71, P <0.001)

At Risk Deaths Expected Deaths
2264 12 22,7
2067 14 23.1
1565 25 25.5
1095 15 23.0

472 10 13.9
192 8 8,?
40 0 1.9
2 0 0.0
84 117.9

Table 24

Retired Enlisted Life Table
(T=-1.01, P=0.31)

At Risk Deaths Expected Deaths
771 7 8.4
454 5 6.4
333 6 7.9
214 6 6.5

67 Z 3.0

26 3 2.0

10 0 1.0

3 1 0.2
30 35.%
22
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Table 25

Comparison Enlisted Personrel Versus DOD Nondisability Retired
Enlisted Life Table
(T=-4.29, P<0.001)

hge At Risk Deaths Expected Deaths

35-39 3777 21 41.2
40-44 2232 21 31.3
45-49 1628 38 38.7
50-54 1054 21 32.1
§0-59  33] 16 14.8
60-64 130 € 10.5
65-69 57 4 5.0
70-74 0 0 1.2
75-76 2 0 0.2
Total 127 175.1

Tables 22 and 25 show highly favorable mortality experiences for Ranch Hand and
Comparisun officer<.  Conditioned on survival to age 35, they are living signifi-
contly longer thar expected using the DOD death rates (p 0.001 for both qroups).
Tahles 24 and ¢5 show that Panch Hand enlisted personnel are experiencing mortality
patterns similar te the DOD retired enlisted population (p=0.31), and the Comparison
enlisted personnel are living significantly longer (p 0.001) than the DOD nondisa-
bility retired enlisted population. This, together with the nonsignificant logrank
value for kanck Hand versus Comparison enlisted personnel shown in Table 5 (p=0.85),
suqaects that the kanch Hand versus Comparison contrasts may change with age at
death:, A view of this is seer in Table 26, which shows linear rank test results,
comparing Ranch Handers ard Comparisons conditioned on survival to age 35 (analogous
to Table §). Comparing the conditional analyses in Table 26 with the unconditional

anglyses in Table &, it appears that group contrasts change with age at death within
the ofticer cohort.

Table 26
Ranch Hand Versus Comparison

Test Results and P-Values for Noncause-Specific Survival
{onditioned on Survival to Age 35

Logrank Wilcoxon
Group Value] P-Value (Value] P-Value

( (
Officer  (-1.87 ) 0,061 (-1.99 ) 0.047
Enlisted ( 0.802) 0.42 ( 0.810) 0.42
Flying (-1.55 ) 0.12 (-1.66 ) 0.097
Ground (1.12) 0.27 (1.12) 0.26
Total (-0.481) 0.623 (-0.529) 0.60
23
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Additional categorical analyses described below reveal the interaction suggested
by the previous conditioned analyses. These are shown in Tables 27 and 28 where
survival status f{alive, dead) is anmalyzed as a function of group (Ranch Hand,
Comparison) and rank (officer, enlisted) on deaths under 35-years of age and separa-
tely on deaths over 35-years of age.

LAV APV b LR ) LY D S |
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Table 27
' Death Before Age 35, Ranch Hand Versus Comparisons
’. (Group By Rank By Status Interaction: P=0.044)
g Status i
" Rank  Group Alive  Dead  Total Relative Risk 2
» ',-,_.:J
Officer  Ranch Hand 459 7 466 e
2.44 ’:-’ L- .
Comparison 2264 14 2278 RS
Totals 2723 21 2744 L
Enlisted Ranch Hand 782 9 791 p—rd
0.738 A
Comparison 3833 60 3893 N
Totals 4615 69 4684
f PRY :
Table 28 ‘.:'_5.:',\'
Death After Age 35, Ranch Hand Versus Comparisons fifj:
(Group By Rank By Status Interaction: P=0.039) il
Status {
Rank  Group Alive  Dead  Total  Relative Risk \ :
Officer  Ranch Hand 450 9 459 L
0.528 ':_x:_-.
Comparison 2180 84 2264 ;—" )
Totals 2630 93 2723
Enlisted Ranch Hand 752 30 782 ::;.‘.
1.16
Comparison 3706 127 3833 (
Totals 2858 157 4615 =
R
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ir lable 27 and 28, the Ranch Hand versus Comparison contrast in the officer
cateqory is significantly different from the corresponding contrast in the enlisted
cateqory.  This suggests that, among those surviving to age 35, Ranch Hand officers
are experiencing tewer deaths /relative risk = 0.528) than their matched Comparisons
while the Ranch Hand en'isted are experiencing more deaths than their matched
Cemparisons (relative rick = 1.16). This situation is reversed in those men dying
prior to age 35. The relevance of these observations is unclear at thic time.
"hese deatt rates are surmarized in Table 29. The rate that is most apparently
different is the low Ranch Hand officer death rate for those officers who survived
to age 345. This low rate may parallel the favorable mortality experienced by those
Panch Hand officers born before 1935, as will be shown later in this report.
Further analysec in future reports will attempt to clarify these patterns.

Table 29

Ueath Rates by Age at Death, Group, and Rank

Death Rates per 100

Aot Ranch tland Comparison

feath Officers EnTisted Officers EnTisted
Pefore Aue 3b 1.5 (N=466Y 1.1 (N=791) 0.6 (N=2278) .5 (N=3R93)
Attor Age 34 2.0 (N=459) 3.8 (N=782) 3.7 (N=2264) 3.3 (N=3833)

.2 Comparisons with the U.S. Active Male Civil Service Life Table

1o further place the Ranch Handers and their matched Comparisons in perspec-
~ive, Ranch Handers, Comparisons, and officer and enlisted personnel are contrasted
with the 1974 male active U.S. civil service life table (10). These contrasts are
news in Tables 30 through 35. There was no adjustment for civil service grade in
these analyses. Therefore, socioeconomic factors may not be fully eguivalent,
copecially G the analyses of the officer and enlisted subgroups. In future mortal-
iy apda‘cn. attempts will be made to account for the grade structure of the civil
service pepulatiern,

Table 30

All Panch Handers Versus U.S. Male Civil Service
(T=-0.313, P=0.75)

Age At Risk  Deaths  Expected Deaths R
21-74 1257 2 6.8 o
7600 1265 7 6.0 ; (
20-34 1248 7 5.7 -
45=-39 1230 9 7.C o
40-44 868 6 8.3

45-46 67 7 9.6

Lh-ta 446 a 7.3

£e-5Y 161 3 3.7

f0-64 66 g 2.2

65-£.0 16 0 0.6

76-7: 4 1 0.1

Tetal 55 57.3

25
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Table 31

- TeTe e
. ra

Comparison Versus U.S. Male Civil Service
(T=-1.04, P=0.30)

Age At Risk Deaths Expected Deaths

i, M T A
Y SAFUN R

19-19 6171 2 10.5
20-24 6169 18 43.1
75-29 6151 29 ?29.%
' 30-34 6122 25 28.1
35-39 6041 33 34.3
40-44 4300 35 40.6
45-49 3193 63 46.4
50-54 2149 36 35.7
55-59 803 26 18.8
60-64 322 14 11.1
65-69 87 4 3.7
70-74 11 _0 0.6
Total 285 302.5
Table 32

Ranch Hand Officers Versus U.S. Male Civil Service
(T=-1.92, P=0.054)

Age At Risk Deaths Expected Deaths
25-29 466 3 2.2
30-34 463 4 2.1
35-39 459 2 3.0
40-44 414 1 4.0
45-49 324 1 4.8
50-54 232 2 4.0
55-59 84 1 2.2
60-64 40 2 1.2
65-69 6 0 0.2
70-70 1 0 0.0
Total 16 23.7
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Table 33

Comparison Officers Versus UI.S, Male Civil Service
(Comparisons: T=-1,88, P=0,060)

Ranch Hand Enlisted Personnel Versus U.S. Male Civil Service
(T=1.28, P=0.20)

Age

21-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-71

Total

At Risk Deaths Expected Deaths
2278 9 10.9
2269 5 10.4
2264 12 14.6
2067 14 19.8
1565 25 22.7
1095 15 19.3

472 10 11.3
192 8 6.1
40 0 1.4
? 0 0.0
98 116.6

Table 34

At Risk Deaths Expected Deaths
791 2 4.3
789 4 3.8
785 3 3.6
771 7 4.0
454 5 4.3
333 6 4.8
214 6 3.3

67 2 1.5
26 3 1.0
10 0 0.5
3 1 0.1
39 31.1
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Table 35

Comparison Enlisted Personnel Versus U.S. Male Civil Service
(T=1.54, P=0,12)

Age At Risk Deaths Expected Deaths

19-19 3893 2 6.6
20-24 3891 18 27.2
25-29 3873 20 18.5
30-34 3853 20 17.6
35-39 3777 21 19.7
40-44 2233 21 20.9
45-49 1628 38 23.7
50-54 1054 21 16.4
55-59 331 16 7.5
60-64 130 6 5.0
65-69 57 4 2.3
70-74 9 0 0.6
Total 187 166.1

The Ranch Handers and their matched Comparisons are statistically quite close
to the male civil service population. In these contrasts, the healthy worker effect
is roughly equivalent although there is no adjustment for socioeconomic status. The
contrasts of officer personnel in the Ranch Hand and Comparisor cchorts with the
male civil service reveal that the Ranch Hand and Comparison officers are experi-
encing a slightly, but not significantly better mortality than the civil service.
Ranch Hand and Comparison enlisted personnel are experiencing more mortality than
the civil service, but these differences are not statistically significant. All of
these findings are consistent with the linear rank testing shown in Table 5, the
relative risks in Table 6 and the SMR's in Tables 8, 9, and 10.

5.3 Comparisons with the U.S., 1978 White Male Life Table

Finally, the mortality experience of the non-Black Ranch Handers and their
matched Comparisons is contrasted with the 1978 U.S. White Male Life Table.
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Table 36 ’
Non-Rlack Ranch Handers Versus the 1978 U.S. White Male Life Table E—
(T=-5.63, P<0.001) Sy
\."~.‘:\
Pge At Risk  Deaths  Expected Deaths NN
21-24 1181 ? 9.1 R
: 25-29 1179 6 9.9 C
30-34 1173 7 9.6 R
35-30 1155 8 10.7 S
40-44 824 5 11.6 R
45-49 627 7 14.5 ST
50-54 432 7 12.4 L
55-59 150 3 6.7 e
60-64 66 5 4.7 L
£5-69 16 0 1.3 it
70-71 4 1 0.2 -
Total 51 9.8 2
Table 37 RN
AONSS
Non-Black Comparisons Versus the 1978 U.S. White Male Life Table ~'.-:~'.-_‘,'
I (T=-12.8, P<0.001) p
Age At Risk Deaths Expected Deaths t:'.’.
19-19 5816 1 10.3 N,
20-24 5815 16 55.5 :l-f'
; 25-29 5799 27 48.6 N
| 30-34 5772 23 47.6
35-39 5693 31 53.1 -
40-44 4095 31 57.3 KR
45-49 3047 56 70.1
50-54 2069 36 60.7 0
. 55-59 793 24 34.0 .
- 60-64 322 14 23.5 ;
- 65-69 97 4 7.7 .-
70-74 11 0 1.2 '
75-76 2 0 0.2
Tota) 263 469.7 :
i y 2 l'— £
b 29 P
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i Table 38

Non-Black Ranch Hand Officers Versus the 1978 U.S. White Male Life Table
(T=-5.89, P<0.001)

Age At Risk  Dead Expected Deaths

! 25-29 457 3 3.8
30-34 454 4 3.7
35-39 450 2 4.7
40-44 407 1 5.8
45-49 321 1 7.%

» 50-54 231 2 6.9

] 55-59 84 1 3.9

3 60-64 40 2 2.6
65-69 6 0 c.4
70-70 1 0 0.0

't Total 16 39.5

Table 39

Non-Black Comparison Officers Versus the 1978 U.S. White Male Life Table

' (T=-9.85, P~ 0.001)

; Age At Risk  Dead  Expected Deaths
25-29 2253 9 18.9
30-34 2244 5 18.5

. 35-39 2239 12 23.6

' 40-44 2042 14 2e.8

. 45-49 1548 25 35.5
50-54 1086 15 33.6
55-59 472 10 20.6
60-64 192 8 12.9
65-69 40 0 2.8

j 70-70 2 _0 0.0
Total 98 195.3

;
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Table 40

Non-BYack. Ranch Hand Fnlisted Personnel Versus the 1978 U.S. White Male Life Table

(1=-2.20, P=0,028)

Age At Risk Dead Expected Deaths
21-24 724 2 5.6
25-2¢ 722 3 6.0
20-34 718 3 5.9
35-39 705 6 6.0
40-4¢ 417 4 5.8
45-49 306 6 7.0
50-54 201 5 5.5
55-59 66 2 2.8
60-64 26 3 2.1
65-69 10 0 1.0
70-71 3 1 0.2
Total 35 47.9
Table 41

Non-Plack Comparison Enlisted Personnel Versus the 1978 U.S. White Male Life Table

(T=-6.56, P<0.001)

Age At Risk Dead Expected Deaths
16-19 3563 1 6.3
20-24 3562 16 34.0
75-29 3546 18 29.7
30-34 3528 18 29.0
35-39 3454 19 29.5
40-44 2053 17 28.5
45-49 1499 31 34.7
50-54 ag3 21 27.1
55-59 321 14 13.4
60-64 130 6 10.6
65-69 57 ) 4.9
70-74 g 0 1.1
75-76 2 0 0.2
Total 165 248.9

The heislthy worker effect is an expected phenomenon in these data since Air
Force veterans have been selected for active duty on the basis of health and tech-
nical ability. This effect is clearly evident in the contrasts shown in Tables 36
through 41, Eoth Ranch Handers and Comparisons are seen to be living far longer
thar expected relative tc the general U.S. White male population. The same effect
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is seen in both Ranch Hand and Comparison officers (Tables 38 and 29) and in Ranch
Hand and Comparison enlisted personnel. In contrast with previous mortality analy-
ses (1,3), the analysis of the Ranch Hand enlisted cohort has reached statistical
significance with the passage of time.

6. Further Covariate Adjustments

Some of the contrasts shown in previous sections in this report were further
analyzed using information about the Vietnam experience for Ranch Handers and
Comparisons. These analyses are motivated by the need for clarification of previous
e cortrasts and should be viewed as preliminary to more complete analyses which will
> be presented in future reports. The information used here consists of (1) tour

length and (2) a measure of cumulative exposure to dioxin. Tour length is defined

as the cumulative time, in months, spent on assignment to Ranch Hand units by a

- Ranch Hander and to C-130 cargo units in SEA by a Comparison. Cumulative exposure

Ei to dioxin, termed the "exposure index," is defined in the Baseline Morbidity Report

: (2) and is proportional to the dioxin content of the herbicides being sprayed and

inversely proportional to the number of persons sharing the workload with the
subject to whom it is applied.

“s “u
4

6.1 Ranch Hand and Comparison Contrasts on Tour Length

!:} In this report, some descriptive statistics on tour length are presented.

.- Table 42 shows the 5th, 50th, and 95th percentiles of tour length in months for
flying and ground personnel, and officers and enlisted personnel in the Ranch
Handers and Comparison groups. The effect of tour length on mortality will be more
thoroughly investigated in future reports.

' Table 42

- *
o Tour Length Percentiles (in Months) for Ranch Handers and Comparisons

Flying Percentiles Sample  Population
. Group Rank Status 5% 50% 95% Size Size
§ Ranch Hand Cfficer Flying 4 12 19 439 440
' Ground 5 13 15 26 26
Enlisted Flying 4 12 21 206 206
Ground 5 13 20 585 £85
Totals 1256 17257
Comparison Officer Flying 11 19 46 2123 2153
Ground 11 18 a3 123 125
-
Enlisted Flying 10 19 49 695 1010 RN
Ground 10 18 45 2859 2883 Sy
Totals 6100 6171 oo
> S
The totals show that one Ranch Hander and /1 Comparisons have no tour data at this time, -
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Ir aeneral, the Comparisons had longer tour lengths than did the Ranch Handers,
Th1s is the result of longer tours of duty at noncombat zone bases (Comparisons)
relative to combat area bases (Fanch Hand).

6.2 Ranch Hand Exposure Analyses

The effect of exposure orn mortality was assessed on the 1140 Ranch Handers
having exposure information 1n a log-linear analysis based on survival (dead,

alive), rank (officer, eniisted), year-of-birth (1905-1934, 1935-1954), and exposure F“zhj
light, medium, heavy). These data are shown in Table 43. ;fnf:
Table 43 R

*
kanch Hand Mortality Adjusted for Year-0f-Birth, Rank and Exposure

| S
Birth Survival Status A
Uxposure Rank Year Dead Alive Total Death Rate PR
per 100 R
gkt Officer  1905-1934 1 54 55 1.8 NS
1935-1954 2 61 63 3.2 T
Enlisted 1905-1934 7 50 57 12.2 o
1935-1954 3 121 124 2.4 L
Ped duiii Officer  1905-1934 ? 79 81 2.5
1935-1954 2 66 68 2.9
Enlisted 1905-1934 4 51 55 7.3
1935-1954 6 214 220 2.7
Heavy Officer  1005-1934 5 84 89 5.6
1935-1954 3 73 76 3.9
Enlisted 1905-1934 6 84 90 6.7
1935-1554 N 155 162 4.3
Tetals 48 1092 1140 4.2
LU0 kapen Hard perscnnel either had a tour AFSC which removed any chance of expo-

cure or were assigned to a Ranch Hand unit at a time when no spraying occurred or
both,  Tour information is not available for one Ranch Hander.

There is no four-way interaction (exposure/rank/birth year/survival status) in e
*he date <hown in Tlable 43 (p=0.40); there are no statistically significant R
thiee-way interactions involving survival, and the two-way survival by exposure e
interacticn is not significant (p=C.54). These patterns do not indicate a herbicide R
cxposure effect,

7. Statistical Aspects '

The purpose of this section is to update the information contained in Chapter ;;ﬁk
VI, Statistical Aspectc, of the Baseline Mortality Report (1), regarding the proper- o
ties of the statistica! procedures used in this and all preceding mortality reports -
in this series.  The procedures discussed here are: linear rank tests (5), e
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log-linear analysis (11), the SMR analysis (7), and the Gail and lare study group
versus reference 1life table analysis (12) and the Ejigou-McHugh relative risk
estimator (6).

7.1 Large Sample P-Value Approximations

P-value calculations for all five of these procedures rely on large sample
approximations of the distribution of the statistic under the associated null
hypotheses, termed the null distribution. This is because the finite sample null
distributions of these procedures have not been formulated. The relevant issue,
therefore, is the adequacy of these approximations in the context of this study.

Linear rank tests: The adequacy of the large sample p-value approximation in
certain linear rank procedures has been investigated via Monte Carlo simulation by
Latta (13) in the two-sample situation and by Michalek, Mihalko and White (14) on
one-to-many matched data. The primary goal of both of these studies was to investi-
gate the power of certain linear rank procedures under various failure time
distributions, censoring percentages and sample size configurations., In the
two-sample case, the Prentice efficient score censored data extension of the
Wilcoxon procedure was judged to be best overall, and in the matched data case, the
logrank test with the hypergeometric variance was deemed the best overall prncedure.
These are the two procedures used in this and all previous mortality reports in this
series. These simulation studies did not, however, attempt to assess the adequacy
of the large sample distributions of these procedures as a function of sample size
and percent censoring. In particular, neither study assessed the properties of
these procedures with heavy censoring (as seen in these mortality data).
Unpublished Monte Carlo studies conducted at the USAF School of Aerospace Medicine
have shown, however, that the logrank and Wilcoxon tests achieve nominal 1% and 5%
significance levels in two-sided testing on simulated 1:5 matched data with 1200
matched sets and 96% censoring when the survival distributions follow the AR
accelerated failure time model (5) and the censoring variable is uniformly e
distributed. These results, while encouraging, are not directly applicable to this AN
study since all linear rank testing in these reports were carried out with the data e
stratified by one-year hirth intervals, race and occupation. Other simulations did L.*J
confirm the validity of the large sample null distributions in this highly T
stratified case, but not with censoring percentages as high as 96%. Based on these RNRA
published and unpublished investigations and the smallest sample sizes ir this study el
(466 Panch Hand officers contrasted with 2278 Comparison officers), the authors of T
this report believe that the linear rank p-value approximations are adeauate when
consideration is restricted to sample size and percent censorina.

Log-linear analyses: All p-values derived from log-linear analyses are based
on large sample chi-square approximations. The adequacy of these approximations has
generally been studied in terms of the magnitudes of the expected cell counts in L
rultiway contingency tables. There is extensive literature on this subject with CL
resultant quidance published in recent statistical texts. Conover (15) states that A
the chi-square approximation is good if the expected cell counts are fairly large .ﬁ,i
but if some of the expected counts are small, the approximation may be poor. He :
quotec Cochran (16), who concluded that, if any of the expected courts are “ess than e
1 or if more than 20% are less than 5, the approximation may be poor. Conover views T




Cochran's wdvice as, perhaps, too conservative and renders the opinion that the
expected counts may be as smali as 1 without endangering the validity of the test.
Since nmost expected counts in this report are greater than 5, the chi-square
anproximations are considered adequate by the authors of this report.

M oanalyses:  large sample chi-sauare approximations were used to obtain the
g-values Tn the SMR aralyses. The first of these was for a likelihood ratio test
for the hypothesis that the data satisfies the product model (7), the second was for
« Vkelibeoe ratio test that the SMR was equal to unity. The test of fit for the
oraduct model i< ancelogous to o test for no three-factor interaction in a log-linear
wodel ., the factors being survival «tates (dead, alive), group (Ranch Hand,
Comparicen) and year-of-birth. Sample size requirements for this procedure are,
‘torofore, the came as those described above for log-Tinear analysis; that is, that
the expected numbers of dead at each level of year-of-birth be at least 5 or at
least 1, Zeperding on the advice cf Conover and Cochran. The test for an SMR equal
te unity is not anaicgous to a test on the main effect in the same log-linear model.
e cuidance has been published regarding the sample size requirements for the
adequacy of the chi-square approximation. In our opinion, this approximation is
adequs*e in these data.

Gail enc VWare analysis: The test statistic for comparing an observed survival
diciribution with a reference life table is a standardized sum of deviations between
sheevved and expected numbers of deaths and has, for large samples, an approximate
standard normal distribution under the null hypothesis. The minimum sample size and
meximum censoring percentage needed for this approximation to be adequate is not
«r~ym. In our opirion, this approximation is adequate in these data.

Ejigou-McHugh relative risk analyses: The statistic used in testing relative
risk equal to unity has an approximate standard normal distribution under the null
tiypethesis when the number of matched sets is large. In-house simulations have
“hown that this approximation is adequate with 1200 match sets. The threshold of
adeguacy has not been investigated to date. In our judgement, the approximation is
crad an these analyses,

7.2 Acsurntions and Statistical Assessment of their Validity

inoetl studies, statistical procedures are based upon assumptions regarding the
ceta.  fRood tatistical practice requires that the assumptions be checked before
procesding to the final analysis. In most cases this is done subjectively by
coaninare plote of the data. For some statistical procedures, the assumptions can
Feo rested directly; such tests are termed pretests. When resampling is not
posw ible, pretesting should be accounted for in the overall inference. Unfortunate-
'y, prete<ts and procedures which account for pretests in the overall inference are
aimost nonexistent in the field of statistics. Of the five procedures used in this
peport, o pretest of assumptions exists only for the SMR analysis, and it is rot
cariertly known, how to take that pretesting into consideration in the overall
inelycis,  fGeneraiiy, pretesting should be carried out so that the overall
Sigiificance Tevel of the pretests and the final inferential test should be a

crewoyibeon value, such as 5%,

Linear rank tests: The logrank and Wilcoxon procedures are based upcn the

assumpticns that the underlying survival distributions are continuous, that survival
' censoring are statistically independent and that the difference in group sur-

e T
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vival distributions does not change with levels of the stratification variable. The
third assumption would hold if, for example, there were no interaction terms involv-
ing group membership in the accelerated failure time model (5). In our opinion,
the first two of these assumptions can be safely assumed in these analyses. The
third must be checked. There does not exist a statistical procedure for testing the
assumption that the difference in group survival distributions does not change with
levels of the stratification variable, without making further assumptions. If
further assumptions were made and such a test were developed, there would, at this
time, be no way to adjust its critical value so that the cverall significance level
was 5%. In this report, the stratification variables were year-of-birth, race, and
occupation. The no-interaction assumption was subjectively checked by comparing the
Togrank and Wilcoxon values with other analyses, looking for consistency. There is
some indication that the assumption is not met in the officer subgroup and, there-
fore, the logrank and Wilcoxon values are misleading for contrasting Ranch Hand and
Comparison officers.

Log-lTinear analyses: The log-linear analyses are based upon the assumptions
that the data are distributed as multiromials or product-multinomials, that all
interactions of order higher than the one of interest are nonexistent and that there
is no confounding. The multinomial assumption is correct in these analyses because
the data were categorized so that the multinomial or product-mulitinomial model would
hold. Tests for the existence of interactions of all orders are available and are
carried out in all analyses but, at this time, there is no way to adjust their
critical values so that the significance level of the overall procedure is 5%.
Statisticians typically use a 5% significance level for each pretest, but this may
vary.

SMR analyses: The basic assumption in these analyses is that relative risk is
constant across levels of the stratification variable. In these analyses the
stratification variable is year-of-birth. A likelihood ratio test was used to check
this assumption. It is not known how to prescribe its critical value so that the
overall level of significance is 5%. This assumption was also checked using addi-
tional log-ltinear analyses.

Gail and Ware analyses: The basic assumption in these analyses is that the
study hazard function is proportional to the reference hazard function. There does
not exist 8 single sample test for the proportional hazards assumption. This
assumption was checked subjectively by computing relative risks at different ages
within the data sets.

Eiigou-McHugh relative risk analyses: This analysis assumes that relative risk
is constant with respect to the matching variables. A procedure for testing this
assumption has been recently developed (17) but has not yet been programmed for
inclusion in these reports. The new method does not provide for the adjustment of
the pretest critical value so that the overall significance level is 5%. This
assumption was subjectively checked in this report by comparing the Ejiaou-McHugh
relative risk with the SMR, looking for consistency.

7.3 Summary

The issues regarding large sample approximations and pretesting assumptions are
intrinsic to the field of mathematical statistics and, therefore, are relevant to
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applications of stetistical theory in any research, In this respect, the
statistical cortant of this report reflects the extent of current theory.

8.  Future Commitments

. futere work wiii attempt to evaluate mortality patterns as a function of O

- accupet cnal subgroup in the ground cohort. This effort will require the collection L
of data tu aelincate differential oxposure between occupational subgroups. Flight TR
Tine duties »nd herbicide contac: will be ascertained objectively, along with 5.
cdditioral medical risk fectors, occupational exposures and socioeconomic factors. ,?Ff
Tnese anatyses will be increasingiyv meaningful as the population ages and mortality e
rates pernit use of rore incisive statistical tools. Joint morbidity-mortality AR

analyses, adjusting for relevant covariates will be carried out. Finally, the small
sample proserties of the Tinear rank, relative risk, and SMR tests will be investi-
gatee by <imulation and analytical methods.

'I‘ .- ‘l
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9. Summary and Conclusion

fyaluation of summary counts of death by rank and occupation did not reveal any
statistrcalty siaonificant diiferernces between the Ranch Hand and Comparison groups.
Other mortality analyses described in this report have revealed some differences in
aesth experience between the herbicide/dioxin exposed group, their matched Compari-
song and ot her external Comparison groups.

Overall mortaiity of the Ranch Hand group (4.4%) is nearly identical to that of
tne Comparison group (4.6%). Ranch Hand officers have experienced fewer deaths
than the Comparison group officers, but this difference is not statistically signi-
ficant. Tiere is an interaction in these data, however. Ranch Hand officers born
_ between 1905 and 1935 have experienced fewer deaths than Comparison officers born
3 during the <ame era. Ur the other hand, Ranch Hand officers born after 1935 have
[ experienced more deaths than their Comparisons. Although these differences within
‘ tirth-year strata are not statistically significant, this change in the group by
curyvival status relationship with birth year is statistically significant. Addi-
“ierally, Ranch Hand officers experienced fewer deaths after age 35 years than
i et fomparinen officers, while Ranch Hand officers experienced more deaths before
X © 5 yeary than did Comparisons. Further research will investigate whether there

. 15 any assoriation between birth year and age of death and mortality patterns in
.- these ofvicer cohorts,

Stotkis time, Farch Hand ground and enlisted personnel have experienced more
nort 1 tity and Ranch dand flying personnel have experienced lower mortality than
their  Corparisons, but  these differences are not statistically significant.

Pre limirary analyses using exposure indices have indicated no association between
reriicide exposure in either the officer, enlisted, flying or ground Ranch Hand
barovpe .

Potk Ranch Hand and Comparison officers have experienced less mortality than
“aro b Hand cor Cemparisor enlisted personnel. Ranch Hand flying personnel have
experienced less mortality thar Ranch Hand ground personnel, while Comparison flying
anic ground personnel have experienced similar mortality patterns.
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Examining causes of death, Ranch Hand officer and flying groups have experi-
enced fewer deaths from cardiovascular disease and cancer than have the Comparisons,
but this difference is not statistically significant. No apparent specific
disease excesses were noted in the Ranch Hand ground or enlisted groups relative to
their Comparisons. All Ranch Hand cohorts are elevated in the category of digestive
system deaths, but this difference is not statistically significant. There was a
single case of soft tissue sarcoma in the Comparison group, and no cases occurred in
the Ranch Handers.

The Ranch Hand and Comparison groups were contrasted with five external popula-
tions. A1l study groups are experiencing significantly less mortality than U.S.
White males. A1l study groups except Ranch Hand enlisted personnel are experi-
encing statistically significantly less mortality than the corresponding
nondisability retired DOD population. The Ranch Hand enlisted mortality is not
significantly different from the nondisability retired DOD enlisted population. The
Ranch Hand and Comparison groups taken together have experienced a mortality pattern
not statistically different from civil service employees.

In conclusion, summary counts of death by rarnk and occupation did not reveal any
statistically significant differences, within the power limitations of this study,
between the Ranch Hand and Comparison groups. This study has excellent power of
detecting a doubling of risk of death, and therefore it is unlikely that an effect
of this magnitude could have been missed. Ranch Hand officers born between 1905 and
1935 have experienced favorable mortality relative to their Comparisons while the
converse is true for officers born after 1935. Analogous patterns are seen in
officers, conditioned on age at death. Although Ranch Hand ground personnel
experienced less favorable mortality relative to Comparisons irrespective of date of
birth or age at death, this difference is not statistically significant. Exposure
index analyses indicate these mortality rate differences cannot be attributed to
herbicide exposure. These analyses have identified several findings of interest,
which will be further evaluated in future mortality updates. The findings of this
report are similar to those of prior mortality analyses with the exception that the
non-Black Ranch Hand enlisted personnel now demonstrate statistically significantly
better survival than the 1978 U.S. White male population.
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Appendix Table 1

' Ranch Hand Officers Versus Ranch Hand Enlisted
: Mortality by Year-Of-Birth .
(SMR = 0.515, P1 = 0.27, P2 = 0.047) .
: Ranch Hand Officers Ranch Hand Enlisted .
» Birth Rate Rate
l Year At Risk Dead per 100 At Risk Dead per 100
. 1905-1924 41 3 7.3 29 7 281
1925-1934 194 5 2.6 195 15 7.7
: 1935-1939 95 4 4.2 116 3 2.6
- 1940-1944 91 2 2.2 119 3 2.5
| 1945-1954 45 2 4.4 332 1 33
' Total 466 16 791 39

Appendix Table 2

i Comparison Officers Versus Comparison Enlisted Mortality by Year-Of-Birth
: (SMR = 0.648, P1 = 0.88, P2 = 0,001)
Officers Enlisted
Birth Rate Rate
Year At Risk Dead per 100 At Risk Dead per 100
l 1505-1919 44 4 9.1 66 13 19.7
. 1920-1924 - 161 17 10.6 80 13 16.2
1925-1929 290 20 6.9 211 26 12.3
1930-1934 640 32 5.0 749 47 6.3
- 1935-1939 458 13 2.8 562 26 4.6
. 1940-1944 495 7 1.4 601 17 2.8
1945-1954 190 5 2.6 1624 _45 2.8
Total 2278 98 3893 187

Appendix Table 3

Ranch Hand Flying Personnel Versus Ranch Hand Ground Personnel
Mortality by Year-0f-Birth
(SMR = 0.572, P1 = 0,41, P2 = 0.067)
Flyers Ground ;
- Birth Rate Rate .
] Year At Risk Dead per 100 At Risk Dead per 100
1905-1924 44 4 9.1 26 6 23.1
1925-1934 272 10 3.7 117 10 8.5
1935-1939 145 6 4.1 66 1 1.5
> 1940-1944 121 2 1.7 89 3 3.4
! 1945-1954 _64 2 3.1 313 11 3.5
31

:?_: Total 646 24 611




Appendix Table 4

Comparison Flying Versus Comparison Ground Personnel Mortality by Yeir-Of-Birth
Within Comparison Group
(SMR = 0.909 P1 = 0.46, P2 = 0.65)

Flyers Ground
< Birth Rate Rate
Year At Risk Dead per 100 At Risk Dead per 100
1905-1919 45 6 13.3 65 11 16.9
1920-1924 175 20 11.4 66 10 . 15.2
1925-1929 350 26 7.4 151 20 13.2
1930-1934 966 58 6.0 423 21 5.0
1935-1939 698 26 3.7 322 13 4.0
1940-1944 653 15 2.3 443 9 2.0
1945-1954 276 _10 3.6 1538 40 2.6
Total 3163 161 3008 124
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